METHOD OF OPERATING A NUCLEAR POWER PLANT AT MULTIPLE 

POWER LEVELS 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates generally to nuclear power plants and, more 
particularly, to a method of operating a nuclear power plant at multiple power levels 
during the course of a fuel cycle. 

Description of the Related Art 

The design and operation of nuclear power plants in the United States are 
highly regulated. The federal regulations regarding the licensing of nuclear power 
plants are set forth at 10 C.F.R. § 50. In applying for a license on a nuclear power 
plant from the Nuclear Regulatory Commission (NRC), one must set forth various 
operating parameters of the power plant, including the thermal power level at which 
the reactor will be operated and above which the reactor will not be permitted to be 
operated. In determining what will be the operating power of a nuclear reactor for 
purposes of obtaining a license, one must perform calculations that assume multiple 
simultaneous worst-case scenarios, even though many of such scenarios cannot, as a 
practical matter, exist simultaneously. As a general matter, therefore, power ratings 
of nuclear reactors in the United States are conservative with respect to the actual 
power capacity of such reactors. 

As an additional matter, such calculations typically assume that certain 
conditions within the reactor are at their worst-case values, i.e., maximum or 
minimum values, at all times during the course of a fuel cycle of the reactor, when in 
fact such values can vary in a known fashion from the beginning of cycle to the end. 
Accordingly, such nuclear reactors operate at power levels below what could be 
achieved if the values of such conditions were considered as being variable and not 
fixed at their worst case levels. 
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Two examples of such variable values of reactor conditions are the heat flu^ 
peaking factor (Fq) and the enthalpy rise peaking factor (Fah). It is known that Fq is 
typically at a maximum at the beginning of a fuel cycle and decreases with the 
depletion of the fuel rods of the reactor. It is also known that Fah typically starts at an 
5 initial value and increases slightly in the initial stages of a fuel cycle but thereafter 
decreases with depletion of the fuel rods. Calculations that are performed in order to 
determine a power level at which a reactor will be licensed to operate are based on the 
assumption that the values of Fq and Fah are fixed at their maximum levels, although 
such values are at a maximtmi for only a relatively short period of time during the fuel 
10 cycle. 

A nuclear power plant is generally said to comprise a reactor and the Balance 
Of Plant (BOP), with the BOP including all of the apparatus that interacts with the 
reactor in order to generate electricity. It is also known that the various components 
of the BOP are designed to operate at a given operating level, but typically include an 

15 additional margin, whether as a factor of safety, a design excess in order to comply 
with rating requirements, or for other reasons. It is also known that various 
environmental factors can affect the performance of a nuclear power plant. For 
instance, a cooling tower may be designed to have a certain rated capacity at 80°F and 
90% relative humidity, and may be designed with a margin of an additional 2%. 

20 Accordingly, the cooling tower can operate at another 2% above its rated capacity at 
80°F and 90% relative humidity. On a winter day with a temperature of 20''F and 
10% relative humidity, however, the cooling tower may be operating at only 90% of 
its rated capacity to meet the cooling needs of the power plant. Accordingly, on such 
a winter day the cooling tower potentially could provide an additional 12% capacity. 

25 It thus can be seen that the performance conditions of the various components of the 
BOP, as well as the process parameters of the environment, can cause the BOP to 
have an additional aggregate capacity above and beyond what is needed when the 
reactor is operating at its rated power level. It thus would be desirable to take 
advantage of the excess capacity of the BOP, perhaps in conjunction with reductions 

30 in Fq and Fah below their maximum values with the depletion of the fuel rods. 



2 



SUMMARY OF THE INVENTION 
Accordingly, a method of operating a nuclear power plant includes 
determining and licensing a maximum power level at which the power plant can be 
operated subsequent to the beginning of a fuel cycle, and with the power plant being 
5 operated at less than its maximum power rating at certain times such as at the 
beginning of a fuel cycle. The maximum power level is greater than the power level 
that would be calculated based upon an assumption that the heat flux peaking factor 
(Fq) and enthalpy rise peaking factor (Pah) remain at their maximum level throughout 
an entire fuel cycle. The maximum power rating takes advantage of factors such as 

10 known reductions in Fq and Fah at certain points in the fuel cycle, the marginal 
additional capacity of the Balance Of Plant, and the occasional optimization of 
process parameters such as ultimate heat sink temperature and atmospheric 
conditions. The power plant may be operated at a substantially continuously variable 
power level based upon various factors of the power plant, but would not exceed the 

1 5 NRC licensed core thermal power level. 

We provide a method of operating a nuclear power plant through a fuel cycle 
by operating the plant at an initial power level during a first portion of the fuel cycle, 
and by operating the plant at an enhanced power level during a second portion of the 
fuel cycle. The initial power level typically will be based upon the maximum values 

20 of Fq and Fah that are calculated for a given reactor core configuration. The enhanced 
power level is higher than the initial power level and is based at least in part upon the 
knovra fact that Fq generally decreases throughout a fuel cycle and that the Fah 
reaches a maximum in the beginning stages of the fuel cycle but thereafter decreases 
with depletion of the fuel rods. Formulas set forth below describe a manner in which 

25 the Fq and Fah can be calculated. Other formulas set forth a manner in which reduced 
values of Fq and Fah at which the power plant can be operated at an enhanced power 
level are calculated. 

The enhanced power level may be determined, at least in part, upon a 
maximxmi power level. The maximum power level may, at least in part, be based 

30 upon an assumption that at least one performance condition of the plant is at a 
maximum level and/or that at least one process parameter of the plant or its 
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environment is in an optimum condition. The enhanced power level may vary 
between the initial power level and the maximum power level depending upon 
prevailing performance conditions and process parameters. 

The enhanced power level may be a substantially continuously variable power 
5 level in which the power level at any given moment is based at least in part upon a 
corresponding Fq and/or a corresponding Fah . 

One method in accordance with the present invention of operating a nuclear 
power plant through a fuel cycle of a core of a reactor of the plant, with the core 
including a plurality of fuel rods in communication with a plurality of channels, and 

10 wdth a coolant flowing through the channels, can be generally stated as including 
operating the plant at an initial power level during a first portion of the fuel cycle, the 
initial power level being based at least in part upon at least one of a maximimi value 
of a heat flux peaking factor of the core and a maximum value of an enthalpy rise 
peaking factor of the core, and operating the plant at an enhanced power level during 

15 a second portion of the fuel cycle, the enhanced power level being higher than the 
initial power level, the enhanced power level being based at least in part upon at least 
one of a reduced value of the heat flux peaking factor of the core and a reduced value 
of the enthalpy rise peaking factor of the core. The reduced values of the heat flux 
peaking factor and the enthalpy rise peaking factor result firom the progressive 

20 depletion of the core during the fuel cycle. 

Another method in accordance with the present invention operating a nuclear 
power plant through a fuel cycle of a core of a reactor of the plant, with the core 
including a plurality of fuel rods, can be generally stated as including determining an 
initial power level based at least in part upon at least a first design limitation of the 

25 plant and at least one of a maximum value of a heat flux peaking factor of the core 
and a maximimi value of an enthalpy rise peaking factor of the core, determining a 
maximum power level based at least in part upon at least one of an assumption that at 
least a first performance condition of the plant is at a maximum level and an 
assimiption that at least a first process parameter is at an optimimi condition, the 

30 maximum power level being greater than the initial power level, determining a 
reduced value of the heat flux peaking factor of the core based upon the maximum 
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value of the heat flux peaking factor, the initial power level, and the maximum power 
level, determining a reduced value of the enthalpy rise peaking factor of the core 
based upon the maximum value of the enthalpy rise peaking factor, the initial power 
level, and the maximum power level, detemiining the one of the heat flux peaking 
5 factor and the enthalpy rise peaking factor that will achieve chronologically last the 
reduced value of the heat flux peaking factor and the reduced value of the enthalpy 
rise peakmg factor, respectively, during the fuel cycle, operating the plant at the mitial 
power level during a first portion of the fuel cycle, determining the one of the heat 
flux peakmg factor and the enthalpy rise peaking factor of the core, and operating the 

10 plant at an enhanced power level between the initial and maximum power levels 
during a second portion of the fuel cycle upon the one of the heat flux peaking factor 
and the enthalpy rise peaking factor achieving the reduced value of the heat flux 
peaking factor and the reduced value of the enthalpy rise peaking factor, respectively. 
The reduced values of the heat flux peaking factor and the enthalpy rise peaking 

15 factor result from the progressive depletion of the core during the fuel cycle. 

Another method in accordance with the present invention of operating a 
nuclear power plant through a fuel cycle of a core of a reactor of the plant can be 
generally stated as including determining a maximum power level for the reactor, 
obtaining a license to operate the reactor at the maximum power level, operating the 

20 reactor at an initial power level less than the maximimi power level during a first part 
of the fuel cycle, and operating the reactor at an enhanced power level during a 
second part of the cycle, the enhanced power level being between the initial power 
level and the maximum power level, with the increeise in power level from the initial 
level to the enhanced power level being based at least in part upon the progressive 

25 depletion of the core during the fuel cycle. 

BRIEF DESCRIPTION OF THE DRAWINGS 
A further understanding of the invention can be gained from the following 
Description of the Preferred Embodiments when read in conjimction with the 
30 accompanying drawings in which: 
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Fig. 1 is a schematic depiction of a nuclear power plant that can be op)erated in 
accordance with the present invention; 

Fig. 2 is an enlarged schematic view of a portion of a reactor of the nuclear 
power plant; 

Fig. 3 is a graph depicting the value of the heat flux peaking factor (Fq) as a 
function of time during the course of a fiiel cycle; 

Fig. 4 is a graph depicting the value of the endialpy rise peaking factor (Fah) 
as a function of time during the course of the fuel cycle; 

Fig. 5 is a flow chart depicting a method of operating the nuclear power plant 
in accordance with a first embodiment of the present invention; and 

Fig. 6 is a flow chart depicting a method of operating the nuclear power plant 
in accordance with a second embodiment of the present invention. 

Similar numerals refer to similar parts throughout the specification. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
A typical nuclear power plant 4 is depicted schematically in Fig. 1. As is 
imderstood in the relevant art, the nuclear power plant 4 includes a nuclear reactor 8 
and a Balance of Plant (BOP) 12. The reactor 8 includes a core and generates heat in 
a known fashion that is supplied to the BOP 12 in order to generate electricity firom 
the heat. The BOP 12 can be generally stated as including all of the components of 
the plant 4 other than the reactor 8 that are employed in the generation of electricity. 

As is understood in the relevant art, the reactor 8, as is depicted schematically 
in Fig. 2, includes a plurality of fuel rods 16 that are arranged in a grid pattem with a 
plurality of channels 20 extending between the fuel rods 16. A coolant 24 such as 
water that may contain a moderator such as boron flows through the channels 20 in 
contact with the fuel rods 16. The fuel rods 16 include a fissionable material such as 
enriched uranium and undergo a known fission reaction whereby heat is generated 
within the rods 16 and is transferred to the coolant 24. If the reactor 8 is a so-called 
Pressurized Water Reactor, the coolant 24 will be maintained at a given pressure 
within the core to avoid boiling. If the reactor 8 is a so-called Boiling Water Reactor, 



portions of the coolant 24 flash to a vapor such as steam due to contact with the fuel 
rods 16, 

It is also known that the fuel rods 16 disposed at the center of the reactor 8 
include fissionable material that is enriched to a greater degree than the fissionable 
material within the fuel rods 16 that are spaced from the central regions of the reactor 
8. As such, the degree of enrichment of the fissionable material typically declines 
when measured from the fuel rods 16 at the center of the reactor 8 going toward the 
fuel rods 16 at the periphery of the reactor 8. Accordingly, the fiiel rods 16 in the 
central regions of the reactor 8 typically are at a higher temperature than the fiiel rods 
16 at the periphery of the reactor 8 during operation of the reactor 8. Such variation 
in the temperature of the fuel rods 16 accordingly results in variations in heat flux Q 
and enthalpy rise AH at different locations within the reactor 8. The variation in the 
heat flux Q across the core of the reactor 8 can be expressed as a heat flux peaking 
factor Fq that can be calculated by the following equation: 

Fq (QpEAK / Apeak) / (Qtot/ Atot), where 

Fq = the heat flux peaking factor; 

QpEAK = the heat flow firom the fiiel rod with the greatest heat 
generation rate; 

ApEAK = the surface area of the fuel rod vsdth the greatest heat 
generation rate; 

Qtot = the total heat flow from the core; and 

Atot = the total surface area of the fuel rods. 
The variation in enthalpy rise AH due to the variation of the heat production of the 
fiiel rods 16 can be expressed as an enthalpy rise peaking factor F/vh which can be 
calculated according to the equation: 

Fah = (Q/W)PEAK / (Q/W)avg, where 

Fah ^ the enthalpy rise peaking factor; 

Q = the heat generation rate of a fuel rod with respect to a flow 

channel; 

W = the flow rate of the coolant through the channel; whereby 
(QAV)pEAK = the peak ratio of Q/W; and 



(Q/W)avg = the average ratio of Q/W. 



As can be understood from Fig. 3, and as is known in the relevant art, the Fq 
of the reactor 8 typically is at a maximum at the beginning of a fuel cycle and 
immediately begins to decrease with the progress of the fuel cycle. The Fq of the 
reactor 8 continues to decrease with the progressive depletion the fuel rods 16 of the 
core over time. It can be seen that the Fq typically decreases at the greatest rate at the 
beginning of the fuel cycle compared with later in the fuel cycle. 

As can best be seen in Fig. 4, and as is known in the relevant art, the Fah 
typically increases slightly from an initial value at the beginning of a fuel cycle to a 
maximum value in the early stages of the fuel cycle. After reaching its maximimi 
value, the Fah thereafter decreases throughout the rest of the fuel cycle as the fuel rods 
16 of the core become depleted over time. 

Previovisly known methods of operating a nuclear power plant have relied 
upon calculations based upon an eissumption that the Fq and Fah remained at their 
maximum values throughout the entire duration of a fuel cycle. As will be set forth 
below in greater detail, the method of the present invention takes advantage of a 
margin of power capacity above a power rating that might have been calculated based 
upon an assumption that the Fq and Fah remain fixed at their maximum values 
throughout the entire duration of the fuel cycle. 

The method of the present invention is described below and depicted in Figs. 5 
and 6 as being generally of two embodiments. The first embodiment, depicted 
generally in Fig. 5, can be generally stated as providing a step in the power level of 
the power plant 4 upon reaching certain conditions within the reactor 8. The second 
embodiment, depicted generally in Fig. 6, is similar to the first embodiment but varies 
the power level on a substantially continuous basis according to conditions such as Fq 
and/or Fah within the reactor 8 instead of providing a single step increase in the power 
level. Accordingly, it will be understood that the two embodiments described below 
generally relate to the same concept that is implemented in slightly different fashions 
in the two embodiments. 
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Regarding the first embodiment (Fig. 5), the first step 100 is to determine the 
initial Fq and Fah that will exist within the reactor 8 at the beginning of the fiiel cycle, 
as well as the maximum values of Fq and Fah that will occur during the course of the 
fiiel cycle. Such values for the initial and maximum Fq and Fah can be calculated in a 
5 known fashion based upon the specific configuration of the core and the variation of 
the degree of enrichment of the fissionable material in the various fiiel rods 16 of the 
reactor 8. 

The next step 104 is to determine an initial power level of the plant 4 based 
upon the initial values of Fq and Fah determined in the step 100, as well as other 

10 factors pertinent to the plant 4 and also in accordance with the applicable 
requirements of 10 CFR § 50 and other applicable regulations. The initial power level 
is determined by employing known calculations and will be the power level at which 
the plant 4 is operated at the beginning of the fiiel cycle. As used herein, the 
expression "power level" may refer, for example, to a thermal power level, an 

15 electrical power level, or both depending upon the context in which such expression is 
used. 

The next step 108 is to determine the maximum power level of the plant 4. 
The plant 4 will have been designed with a number of design limitations, such as rated 
capacities for pumps and condensers, with such design limitations often including a 
20 margin of additional performance that may be based upon safety factors, in order to 
ensure compliance with rated capacities, or for other reasons. During operation of the 
plant 4, the actual performance conditions of various components of the BOP 12 may 
be the same as or slightly different than the original corresponding design limitations. 
The theoretical design limitations of the various components of the BOP 12, as 
25 well as the calculated initial power level, are typically calculated according to 
assumed boundary conditions of the environment around the plant 4, such as the 
ambient temperature, the atmospheric pressure, the relative humidity, and the idtimate 
heat sink temperature, as well as other conditions. As is known in the relevant art, the 
ultimate heat sink temperature typically refers to the temperature of the source of the 
30 cooling medium, whether it is a body of water or another source of a cooling medium, 
for the secondary loop of the reactor 8. 



During operation of the plant 4, the actual observed process parameters can 
vary substantially from the corresponding initially assumed boundary conditions. The 
maximum power level 108 will be calculated in a known fashion specifically for the 
individual plant 4 and will be based upon, among other factors, the performance 
margin of the BOP 12 based upon the difference between the observed performance 
conditions and the upper margins of the design limitations, as well as the difference 
between the process parameters that may vary on a daily basis and the boundary 
conditions that were assumed in calculating the initial power level 104. 

It is understood, however, that the maximum power level 108 cannot exceed 
certain practical or legal limitations or other applicable limitations. For instance, the 
maximum power level 108 cannot be a thermal power level that would exceed the 
electrical capacity of a connected generator or electrical grid. Other limitations might 
include a maximum temperature for the ultimate heat sink that cannot be exceeded, a 
maximum site thermal discharge level, and/or a maximxrai temperature differential 
between the inlet and outlet flows of the secondary loop with respect to an ultimate 
heat sink, as well as otiier limitations. 

The next step 1 10 is to determine reduced values for Fq 1 12 and Fah 1 14 that 
will occur at some time subsequent to the begiiming of the fuel cycle and that vsdll 
provide an indication of the point in the fuel cycle at which the power level may be 
and likely will be increased from the initial power level 104 to an enhanced power 
level between the initial power level 104 and the maximum power level 108. The 
reduced value of the Fq 1 12 is calculated according to the following equation: 

Fqr= Fqmax * pi / P2, where 

Fqr= the reduced heat flux peaking factor 112; 

Fqmax = the maximum heat flux peaking factor; 

PI = the power output of the plant at the initial power level 104; and 

P2 = the power output of the plant at the maximum power level 1 08. 
The reduced value of the Fah 1 14 is calculated according to the following equation: 

Fahr= Fahmax * pi / P2, where 

Fahr= the reduced enthalpy rise peaking factor 114; 

Fahmax = the maximum enthalpy rise peaking factor; 
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PI = the power output of the plant at the initial power level 104; and 
P2 = the power output of the plant at the maximum power level 108. 
In effect, the peak Fq and Fah are reduced by the amount of margin in the 
power level between the maximum power level 108 and the initial power level 104 to 
calculate the reduced values of Fq and Fah. It will typically be the case, however, that 
either the Fq or the Fah will be more luniting than the other in the following fashion, 
which is step 116. 

As can be seen in the exemplary graphs of Figs. 3 and 4, the Fq may be at a 

peak value of 2.50 at the beginning of the fuel cycle. The Fah may be at a peak of 

1.65 at month 2 of the fuel cycle. If, for example, the maximimi power level 108 is 

determined to be 105% of the original power level 104, the reduced value of the Fq 

(Fqr) from the equation above is 2.38, which may occur approximately at month 1 of 

the fuel cycle, as is shown in Fig. 3. The reduced value of the Fah (Fahr) based upon 

the hypothetical maximxun power level 108 being 105% of the initial power level 104 

is 1.57 which, as is depicted in Fig. 4, may occxir at month 3 of the fuel cycle. In 

accordance with the method of the present invention, the power level of the plant 4 

will be increased from the initial power level 104 at the point in the fuel cycle at 

which the last of the Fq and the Fah has reached its reduced value. In the example 

provided in Figs. 3 and 4, this time would be three months into the fuel cycle, since 

the Fq would have already reached its reduced value of 2.38 at month 1 of the fuel 

cycle and would have decreased even further by month three. In the example 

provided in Figs. 3 and 4, therefore, the Fah is said to be limiting in that the Fah takes 

longer to decrease to its reduced value than the Fq. To this point, all of the 

aforementioned steps in the instant method have been theoretical calculation steps 

performed prior to operation of the plant 4. 

After all of the aforementioned calculations have been performed, the plant 4 

is put into operation. Specifically, the reactor 8 is operated at the initial power level 

104, as is indicated in the step 120 of Fig. 5. During continued operation of the plant 

4, whichever of the Fq and Fah were foimd to be limiting are tested regularly, as is 

depicted in the step 124 of Fig. 5. In step 128, control circuitry compares the tested 

instantaneous value 124 with the calculated limiting reduced value of Fq 1 12 or Fah 

11 
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1 14 to determine if the fuel rods 16 of the reactor 8 have depleted to the ^oint that the 
limiting reduced peaking factor 1 12 orl 14 has been reached. If not, the instantaneous 
peaking factor is re-tested regularly and is compared with the Ihniting reduced 
peaking factor 1 12 or 1 14 until such time as the limiting reduced peaking factor 112 
or 1 14 is reached. 

At such time, the power level of the reactor 8 is increased from the initial 
power level 104 to an enhanced power level 132. The increase in power typically 
may be provided, at least in part, by a reduction in a moderator such as boron in the 
coolant 24 of the reactor 8. The enhanced power 132 is a power level between the 
mitial power level 104 and the maximum power level 108 and. depending upon the 
current process parameters and the performance conditions, may be equal to the initial 
power level 104 or the maximum power level 108. In this regard, it is understood, 
that the maximum power level 108 refers to the maximum theoretical power that can 
be achieved by the plant 4 in the event that all of the process parameters are at either a 
15 minimal or an optimum level, as appropriate, and all of the performance conditions 
are at their maximum levels. Since such circumstances typically will not occur, the 
enhanced power level 132 typically is at a level between the initial power level 104 
and the maximum power level 108. 

Occasionally, the maximum power level 108 will be the maximum theoretical 
20 power that can be achieved by the plant 4 when the process parameters are at a 
minimal level. For example, in circumstances where a plant operates at a reduced 
thermal efficiency because the environmental conditions (such as a prolonged drought 
coupled with an abnormally low water level in the plant's cooling water source) are 
significantly more adverse than the design values for the plant, the reactor operating 
25 conditions (e.g., power level) could be modified to maximize the plant power output 
During operation of the reactor 8 at the enhanced level 132, the instantaneous 
Fq and Fah are regularly determined from measurements to ensure that neither 
exceeds its calculated reduced value 1 12 and 1 14. If the determined Fq or Fah exceed 
the calculated reduced values 1 12 or 1 14 thereof, the power level of the reactor 8 must 
30 be decreased. 
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In the absence of a circumstance requiring a reduction in the power level of 
the reactor 8, the reactor 8 and thus the plant 4 continue to operate at the enhanced 
power level 132 for the duration of the fuel cycle. It thus can be seen that the plant 4 
is operated at the mitial power level 104 for a first portion of the fuel cycle, and is 
5 operated at the enhanced level 132 during a second portion of the fuel cycle. 
Operation of the reactor at the enhanced power level 132 provides extra thermal and 
electrical output firom the plant 4 that would not have been achieved had the plant 4 
operated at the initial power level 104 for the entire duration of the fuel cycle. 

In practicing the method of the present invention, it is contemplated that a 

10 license for the plant 4 will be sought at the maximum power level 108 instead of at 
mitial power level 104. For such a license, the plant 4 will be operated at a reduced 
level below the licensed power level during the first portion of the fuel cycle, with the 
power level then being increased to the licensed power level at the point in the fuel 
cycle when the limiting reduced peaking factor 112 or 1 14 is reached. In this regard, 

15 with the maximum power 108 bemg the licensed power level, the plant 4 will be 
operating at a reduced level during the first portion of the fuel cycle, and will reach 
the licensed power level during the second portion of the fuel cycle only on those 
days in which the process parameters are at their optimum levels and the performance 
conditions are at their maximum levels. Overall, however, the net thermal and 

20 electrical power obtained fi-om the plant 4 is advantageously increased by employing 
the method described herein. 

The second method of operating a nuclear power plant 4 is depicted generally 
in Fig. 6. It can be seen that many of the steps are the same as the first method. For 
instance, the initial and maximtun Fq and Fah 200, flie mitial power level 204, and 

25 the maximum power level 208 are calculated in the same fashion. However, instead 
of determining reduced values for Fq and Fah that are fixed and determined based 
upon an assumption that the power level of the plant 4 will receive a step increase 
from the initial power level 104 toward the maximum power level 108, the second 
method provides power curves in step 212 for each of Fq and Fah- In this regard, the 

30 power curves would be reverse-calculated from the ratio of each given Fq and the 
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maximum calculated Fq and according to the ratio of each given Fah and the 
maximum Fah- 

After the Fq and Fah power curves have been plotted, either the Fq or the Far 
will be determined to be limiting, as in step 216. In this regard, the Fq and Far may 
5 each be the limiting factor at different points in the fuel cycle. Specifically, the plant 
4 will be operated at the lower of the value of the Fq power curve and the Fah power 
curve at a given pomt in the fuel cycle. Again, the foregoing steps of the second 
method are in the form of calculations that are performed prior to operation of the 
plant 4. 

10 The plant 4 is then operated at the initial power level 220 and the limiting 

peaking factor 224 is determined on a regular basis. Depending upon the 
corresponding power level indicated by the Fq and the Fah curves, the power level of 
the plant 4 is adjusted with a closed loop control system according to the determined 
limiting peaking factor, as is indicated generally in the step 230. 

15 From both a practical and a legal standpoint, however, it may be desirable for 

the power level of the plant 4 to not be controlled by a closed loop control system and 
to rather be ultimately controlled by human beings. In this regard, the method of the 
second embodiment may include the adjustment step 230 being performed by 
appropriate personnel based upon an indication by the system of the desirable power 

20 level based upon the limiting instantaneous peaking factor firom step 224. It may also 
be desirable for the comparison step 128 to be performed manually by humans and/or 
for some or all of the testing or calculation to be performed by humans. Such a 
practice would provide a power level for the plant 4 that is substantially continuously 
variable. 

25 The second method thus has the potential to provide even more net power 

firom the plant 4 during a fuel cycle since the power level of the plant 4 is varied 
substantially continuously to maintain the highest enhanced power level possible at 
substantially each point in the fuel cycle. 

While specific embodiments of the invention have been described in detail, it 
30 will be appreciated by those skilled in the art that various modifications and 
alternatives to those details could be developed in light of the overall teachings of the 
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disclosure. Accordingly, the particular anangements disclosed are meant to be 
illustrative only and not limiting as to the scope of the invention which is to be given 
the full breadth of the claims appended and any and all equivalents thereof. 
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